Background and objectives: The pathogenesis of different malnutrition diseases was suggested to affect the heart. This study was designed to detect cardiac affection in protein energy malnutrition (PEM) patients, whether clinically or by electrocardiogram (ECG) and echocardiogram, and to assess the value of the cardiac marker troponin I in patients at risk of myocardial injury with special emphasis on the effect of nutritional rehabilitation. Patients and methods: The present study was carried out on 30 PEM infants (16 nonedematous -14 edematous) and 10 apparently healthy age and sex-matched infants acting as the control group. All studied infants were subjected to full history taking laying stress on dietetic history, thorough clinical and anthropometric measurements. Echocardiography and ECG were also performed. Laboratory investigations were performed including complete blood count, CRP, total proteins, albumin, liver and kidney functions as well as estimation of troponin-I in blood by immulite. Following initial evaluation, all malnourished infants were subjected to nutritional rehabilitation program for approximately 8 weeks, after which the patients were reevaluated using the same preinterventional parameters. Results: The results of the present study demonstrated that electrical properties of myocardium assessed by ECG showed significant decrease of R wave and QTc interval in patients compared to controls with significant improvement after nutritional rehabilitation. Echocardigraphic changes showed that cardiac mass index was significantly lower in both groups of malnourished cases compared to the controls with significant increase after nutritional rehabilitation. The study showed that the parameters of left ventricular (LV) systolic function which are the ejection fraction, fractional shortening and velocity of circumferential fiber shortening were not significantly reduced in patients compared to the controls. The diastolic function also showed no significant difference in the E wave/A wave (e/a) ratio between patients and controls. However, the systolic time interval showed significantly higher LV pre-ejection index in patients in comparison to controls. Edematous and nonedematous cases did not show any significant differences in ECG and echocardigraphic data before or after nutritional rehabilitation. The hearts of two severely affected patients uniquely demonstrated marked decrease of LV end diastolic diameter (LEVDd) together with the detection of troponin-I in their sera. Conclusion: We can conclude that malnutrition, regardless of its type, has a definite effect on cardiac volume, muscle mass, as well as the electrical properties of the myocardium. The systolic functions of the heart are affected more than the diastolic functions and this affection becomes manifest only in severe cases and may constitute a bad prognostic parameter thus necessitating more intense management and strict follow-up of such cases.
Introduction
Approximately one-third of the children suffer from protein energy malnutrition (PEM) worldwide, affecting mainly developing countries (De Onis et al., 1993) . Although there is some improvement in the prevalence of underweight and stunting in some regions of the world over the past two decades, the population of the developing world increased during this time; thus, the total number of underweight and stunted children has not changed dramatically since 1980 (Heird, 2004) . Thus, PEM is still the concern of many researchers.
Patients with severe PEM have multiple nutritional deficiencies, anemia and frequent intercurrent illnesses. These may variably influence the cardiac function (Kothari et al., 1992) . In addition, Phornphatkul et al. (1994) reported that children with malnutrition not only have cardiac muscle wasting but also have inherent ventricular dysfunction as a result of severe malnutrition that responds to nutritional therapy. It has been reported that myocardial dysfunction either in the form of cardiac arrhythmia or heart failure are among the causes of death in kwashiorkor (Olowonyo et al., 1995) .
Generally diagnosis of myocardial injury is based on clinical findings, suggestive electrocardiogram (ECG) and echocardiogram patterns, decreased myocardial uptake of thalium and classical biochemical markers as creatine kinase and lactate dehydrogenase enzymes, etc. Cardiac-specific markers are valuable to the cardiologist and neonatologist as some of the previously mentioned enzymes are high in other situations (Clark, 1998) . Ni (2001) stated that cardiac troponin is considered the most sensitive and specific biomarker in detecting minor cardiac damage occurring in different clinical settings.
This study was designed to detect cardiac affection in PEM patients whether edematous or nonedematous with special emphasis on the effect of nutritional rehabilitation on the detected changes, and to assess the value of the cardiac marker troponin I in patients at risk of myocardial injury.
Patients and methods
The current study included 30 infants diagnosed as PEM cases according to Wellcome (1970) . They were recruited from the Inpatient Department of Children's Hospital, Ain Shams University Cairo, Egypt. The patients were further divided into edematous (14 patients) and nonedematous (16 patients) groups according to the presence and absence of edema and their mean weight for age percent (Heird, 2004) . The patients were 16 males and 14 females with an age range of 6-36 months. They were compared to a cohort of 10 healthy infants (five males and five females with an age range of 6-30 months). All the studied cases were from low socioeconomic standard families according to Park and Park (1979) .
After obtaining the approval of the ethical committee of the Children's Hospital, Ain Shams University, an informed written consent was taken from the parents or legal guardians. Each of the studied infants was enrolled in a three phase study with preinterventional assessment as phase I, nutritional rehabilitation interventional program as phase II and postinterventional assessment 2 months72 weeks from the start (phase III).
Nutritional rehabilitation was performed according to the WHO (1999) . Initially, management of life threatening and emergency conditions was performed in the first week then the start of feeding was supervised. Caloric intake was 80-100 kcal/kg/day with the continuity of breast feeding in cases of breast fed infants. The diet given was low in protein, fat, and sodium, high in carbohydrates as almost all severely malnourished infants have infections, impaired liver and intestinal functions and problems related to electrolyte imbalance.
Rehabilitation stage followed with the return of the infant's appetite. The caloric intake increased to 150-200 kcal/kg/day with increase in the amounts and decrease in the frequency. High protein diet was given and vitamins and minerals (potassium, magnesium and zinc) were continued in increased amounts. Iron was given during this stage to treat the anemia present. The infant remained in the hospital for the first part of this rehabilitation phase (at least 3 weeks after admission), and then followed up in the nutritional rehabilitation outpatient clinic.
Assessment in phases I and III included detailed dietetic history (using a questionnaire answered by the parents or the care giver laying stress on the 24 h recall of food given to the infants) and clinical examination with special emphasis on the anthropometric measurements and signs of malnutrition. The laboratory workup comprised complete blood count (Coulter T660, Miami, USA), serum albumin, liver and kidney functions (autoanalyzer, Synchron CX-5 delta of Beckman) as well as assessment of troponin I by immunometric assay according to Cummins et al. (1987) .
Patients' assessment also included cardiac evaluation which was performed by 12 lead ECG and the results were analyzed according to the age and sex-matched reference range (Park and Guntheroth, 1992) . Echocardiography was also performed using Esaote Megas equipment and examination was ECG gated, using different modalities as 2D examination M mode, color flow mapping, pulsed wave and continuous wave Doppler methods. The systolic and diastolic left ventricular (LV) diameters were measured and compared to the normal values. LV mass was assessed and indexed to body surface area then compared to the normal which is 60.8712 g/m 2 according to Vogel et al. (1991) . LV systolic functions were determined as well through estimation of ejection fraction, fractional shortening (considered normal if in the range of 26-46%), mean velocity of circumferential fiber shortening (normal values are in the range between 0.88-1.55 cm/s), pre-ejection/LV ejection ratio (considered normal if the results were in the range between 0.27-0.41 according to Hirschfeld et al. 1975) and cardiac output index (normal values are in the range of 2.6-4.2 l/min/m 2 according to Hirschfeld et al. 1975) . Regarding LV diastolic functions, these were determined through estimation of peak flow rate of E wave, A wave and the ratio between them (e/a ratio), where the normal values are in the range of 50-80 cm/s, 35-50 cm/s and 1-2, respectively, according to Appleton et al. (1988) . The cardiac mass index was also measured in the present study and it is equal to the LV mass/body surface area (g/m 2 ). Statistical analysis of the results was performed via the standard computer programs SPSS (version 10) and Statistica software package version 5 (Statsoft, Tulsa, OK, USA). Nonparametric data were detected by the Shapiro Wilk test. Student's t and Paired t-tests were used for parametric quantitative data and Mann-Whitney U and Wilcoxon matched pairs tests for nonparametric quantitative data in addition to the correlation studies. The numerical data were represented in mean7s.d. and median (interquartile range) for nonparametric data. The differences were considered significant if the probability (P) values were less than 0.05.
Results
The results of the present study revealed that the anthropometric measurements (the percentile distribution of weight and length or height for age as well as mid arm and skull circumference) were lower than controls (Po0.001, respectively) in both studied groups and they significantly increased by the time of the second sampling yet not reaching the control values (Tables 1 and 2 ). The same findings were observed regarding hemoglobin level and serum albumin (Tables 1 and 2 ). As regards the total leucocytic count and CRP level they were significantly higher than the controls and showed significant improvement after nutritional rehabilitation (Tables 1 and 2 ).
The heart rate and blood pressure results of the patients were within the normal range for age and sex at the time of echocardiographic assessment according to Bernstein (2004) . Although the liver and kidney functions of the PEM patients were higher than the control values, yet their individual values were within the normal range for age and sex according to Nicholson and Pesce (2004) from the start of the study.
The ECG recordings demonstrated in Tables (3) and (4) showed decrease in the PR interval in both subgroups compared to the controls yet this was significant only in the edematous patients with nonsignificant increase after nutritional rehabilitation. There was also a significant decrease of amplitude of R wave in chest leads number 1 and 6 compared to the control group. Significant low voltage T wave was observed in all PEM cases although it was not of statistical significance. The present study also showed that QTc was significantly higher in both edematous and nonedematous malnourished groups compared to the controls. The R wave amplitude and T wave voltages as well as the QTc interval showed significant improvement after nutritional rehabilitation.
The echocardiography evaluation demonstrated in Tables  (5) and (6) revealed reduction in the left ventricular end diastolic diameter (LVEDd) in both groups of PEM patients NB: Weight, length/height and skull circumference are expressed as % from the median for age. Mid arm circumference is expressed in cm, serum albumin and hemoglobin in g/dl and total leucocytic count in cells Â 10 compared to the control group but this was significant only in the nonedematous patients. The present study also showed that the parameters of LV systolic function which are the ejection fraction, percentage fraction shortening and velocity of circumferential fiber shortening were not significantly affected in patients as compared to the controls. However, some patients showed borderline systolic function. The relaxation properties of PEM patients showed no significant difference of the e/a ratio compared to the control group. Measurements of systolic time intervals in this study showed a nonsignificant decrease of preejection/ LV ejection time ratio in patients in comparison to the controls. The present work showed that children with PEM either edematous or nonedematous had significantly smaller cardiac mass as compared to well-nourished children. After nutritional rehabilitation there was a significant increase in cardiac mass index but it was still less than the control value. Despite the fact that the cardiac index did not show an initial significant decrease in PEM patients, it increased after rehabilitation especially in the nonedematous group.
Both edematous and nonedematous groups showed the same pattern of affection of ECG recordings and echocardiaographic parameters as well as the same pattern of recovery.
The results of troponin I estimation revealed positive results only in two patients who were the most severely affected PEM cases.
Discussion
The results of the cardiac assessment of PEM patients in the present study revealed many significant ECG and echocardiographic abnormalities compared to the controls.
As regards the ECG recordings, the PR interval which represents the intra-atrial as well as atrioventricular conduction time was found to be shorter in both edematous and nonedematous groups compared to the controls but this finding was significant in the edematous group only. This represents the function of the specialized, myofibrils of the conduction pathway which could be disturbed due to the decrease in muscle mass.
Both groups of PEM patients showed significant decrease of amplitude of R wave in chest lead number 6 as compared to the control group. This decrease in voltage is mostly attributed to decreased muscle mass of LV rather than to pericardial effusion, which was not detected except in two of the studied edematous patients and was minimal in amount. Nutritional rehabilitation caused significant increase in R wave in both studied groups.
This result is consistent with Bergman et al. (1988) who reported that the amplitude of the R wave in V6 in their studied group was less than the 25th percentile for age.
Low voltage of T wave was observed in all PEM cases although it was not of statistical significance. This may result from the decreased repolarizing muscle mass or may be attributed to the associated hypokalemia that was found in almost all cases. After nutritional rehabilitation the T wave amplitude significantly increased.
The present study showed that QTc was significantly higher in both edematous and nonedematous malnourished groups compared to the controls. Similar results were recorded by Olowonyo et al. (1993) . Smythe et al. (1962) also documented the prolongation of QTc in his study on malnourished children. Moreover, Isner et al. (1979) confirmed this observation and further implicated QT prolongation as a factor predisposing for sudden death, but they could not show this consistently in their patients who subsequently died. In contrast, no prolongation of QT interval was detected in the study performed by Bergman et al. (1988) .
After nutritional rehabilitation, there was significant decrease in QTc interval in edematous and nonedematous groups indicating improvement of the myocardial ability to repolarize.
The echocardiography evaluation revealed reduction in the LV end-diastolic volume in proportion to decrease in body size in both groups of PEM patients compared to the control group but this was significant only in the nonedematous patients. Similar results were recorded by Kothari et al. (1992) and Singh et al. (1989) . The present study showed that the parameters of LV systolic function which are the ejection fraction, percentage fraction shortening and velocity of circumferential fiber shortening were not significantly affected in patients as compared to the controls. However, some patients showed borderline systolic function. This is in agreement with Ocal et al. (2001) . Similarly, Kothari et al. (1992) did not find any evidence of systolic dysfunction in their patients, except in those with extremely severe PEM.
On the contrary, Shoukry et al. (1986) reported that infants with KWO have evidence of impairment of the LV function evidenced by the reduction of the fractional shortening compared with age-matched healthy controls. Also, Phornphatkul et al. (1994) concluded that the children with primary third-degree malnutrition not only have cardiac wasting, but also inherent ventricular dysfunction as the result of severe malnutrition that responds to nutritional therapy.
The relaxation properties of LV were studied, the PEM patients showed no significant difference of the e/a ratio compared to the control group. This comes in agreement with Ocal et al. (2001) who reported that the diastolic function indices were not significantly affected in malnourished patients. Fioretto et al. (2002) also reported that there is a geometric alteration of the left ventricle with preserved ventricular compliance and distensibility despite increased passive myocardial stiffness.
Measurements of systolic time intervals in this study showed a nonsignificant decrease of preejection/LV ejection time ratio in patients in comparison to the controls. Manchanda et al. (1974) stated that the systolic time intervals are influenced by many factors including anemia and therefore, were not helpful indicators of systolic function. Actually, our patients were all anemic compared to the controls thus these differences in systolic time intervals are probably not reliable.
The present work showed that children with PEM, either edematous or nonedematous, had significantly smaller cardiac mass as compared to normally nourished children. In the same respect Cunha et al. (2002) recorded that malnourished individuals have lighter hearts. Ocal et al. (2001) stated that the most significant reduction in LV mass, septal and postwall thickness was found in KWO group. In addition, the cardiac involvement in patients with marasmus and marasmic KWO was similar in the study conducted by Kothari et al. (1992) . Bergman et al. (1988) stated that, although primary myocardial dysfunction is not present in KWO, there is a decreased myocardial mass, which may lead to an inability of the ventricles to respond to increases in ventricular preload. Moreover, Shoukry et al. (1986) reported similar findings to ours, namely the reduced myocardial mass with preserved LV function in PEM.
After nutritional rehabilitation there was a significant increase in cardiac mass index but it was still less than the control value. This is probably due to the short period of nutritional rehabilitation. According to Cunha et al. (2002) , the heart may be small in the early stages of the disease but it usually enlarges later.
In the current study, there was no significant difference between the patients and the control group as regards the cardiac index despite the decrease of cardiac output. This was also reported by Ocal et al. (2001) who stated that the cardiac output was reduced in proportion to the decrease in body size of patients; therefore, cardiac index was not significantly different between the patients and the control subjects. On the contrary, Caddell (2001) reported that starvation for 6 months resulted in a decrease in cardiac index.
Despite the fact that the cardiac index did not show an initial significant decrease, yet, it increased after rehabilitation especially in the nonedematous group, and this is due to the more rapid correction of the hemodynamic disturbances rather than the gain of weight.
Worth noting here is that the heart of two patients who were severely affected (classified as 3rd degree PEM) demonstrated marked decrease in LVEDd as well as the cardiac mass index. The peculiar thing about those patients was the detection of troponin I in their sera while none of the other patients showed such a result.
Troponin I is a contractile protein found almost solely in the myocardium. It is only detectable at 4 h or more postacute myocardial injury (Chiu et al., 1999) but the condition is different in malnutrition. The malnourished individuals have lighter hearts but a greater HW/BW coefficient than well nourished ones. This finding indicates a possible preservation of myocardium in relation to the intensity of weight loss. Thus, what happens actually in malnutrition is slow myocardial anabolic rate rather than increased catabolism as in acute myocardial necrosis (Cunha et al., 2002) .
Based on the previous data it is clear that there is no place for cardiac protein to be released massively in a detectable way in circulation except in severe acute cases or in the presence of complication as severe hemodynamic disturbances or sepsis and these might explain the findings in those two cases only.
Another explanation for why troponin I was only detected in two patients in spite of the cardiac affection detected in many studied cases was offered by, Saggin et al. (1989) . They identified two distinct isoforms of troponin I in rat cardiac muscle, one predominant in embryonic, fetal and early neonatal hearts, and one predominant in adults. The adult isoform is specifically recognized by monoclonal antibody that is nonreactive with the embryonic variant (Saggin et al., 1989) . No such study has been applied to human hearts, but it could be the reason why the kit used in this study could not detect early infantile cardiac troponin I.
In the current study, both edematous and nonedematous groups showed the same pattern of affection of ECG recordings and echocardiographic parameters as well as the same pattern of recovery. The cardiac changes can be attributed to the hyponatremia, electrolyte imbalance, anemia, and deficiency of vitamins, which act either alone or in combination. Additionally, immuno-regulating cytokines, especially IL-6, and TNF-á have been linked to subclinical cardiovascular disease (Cesari et al., 2003) although studies of cytokine levels in PEM have yielded varied results (Sauerwein et al., 1997 , Giovambattista et al., 2000 and Reid et al., 2002 , probably due to the effect of the immunological status, ability of protein synthesis and the stress of concomitant sepsis. These cardiac changes denote the severity of the disease and its fatal outcome requiring urgent effective measures to overcome this serious disease.
We can conclude that malnutrition, regardless of its type, has a definite effect on cardiac volume, muscle mass, as well as the electrical properties of the myocardium. The systolic functions of the heart are more affected than the diastolic functions and this affection becomes manifested only in severe cases and may constitute a bad prognostic parameter which necessitates more intense management and strict follow-up of these cases. Nutritional rehabilitation reverses these abnormalities to a greater extent, which further emphasizes the importance of early application of the proper nutritional program for PEM patients.
